Introduction {#sec1}
============

The current pandemic has resulted in unprecedented demands on health care systems overloaded with COVID-19--afflicted patients, with the challenges of an insufficient number of beds and insufficient equipment and personal protective equipment for staff. In an effort to spare resources and to minimize exposure of patients and personnel, a shift to limit access only to patients needing essential services was undertaken. This invariably led to decreased access to many routine hospital services. Furthermore, patients themselves were not accessing hospital services because house confinement, social distancing, limitation of gatherings, and general business lockdowns to flatten the curve came into effect. Under these unique circumstances, the move to telemedicine resources became a natural solution to pressing health care needs constrained by the disruptive crisis.

Current telemedicine use {#sec1.1}
------------------------

Telemedicine, or the electronic transmission of medical information via digital communications, has become an essential tool. It has led to a significant increase in the utilization of remote telemedicine and telehealth interventions, with many physicians in some regions using these technologies to manage patients remotely. Expanded use of telemedicine in medical care and teleradiology occurred in tandem with the increased need for social distancing. Telemedicine tools are more commonly used for remote treatment, particularly in the United States, where 63% of health care practitioners have used it. Among physicians currently using telemedicine for consultation, nearly half (48%) are using it for the first time. When the outbreak ends, one-fifth of physicians using telemedicine tools expect to use them significantly more than before the pandemic.[@bib1] The COVID-19 pandemic has shone a spotlight on the innovative degree to which eHealth can empower health systems to avoid cross-infection of COVID-19 patients and ensure continuity of essential health services.

Inequitable access {#sec1.2}
------------------

This approach has not been possible in all countries. An overall global digital divide marginalizes many. Regional discrepancies are stark, with 78% of European households reporting basic Internet access in 2014 compared with 11.2% in Africa.[@bib2] The International Telecommunications Union publishes both an information and communications technology (ICT) development index rank and the Global Digital Health Index, an interactive map of countries that "tracks, monitors, and assesses the enabling environment for digital health throughout the world."[@bib3] ^,^ [@bib4] These country-by-country comparisons of digital infrastructure serve as the bedrock for strategically planning remote coordination of both radiation oncology and medical imaging, including nuclear medicine (both diagnostic and therapeutic), especially during a pandemic.

Worldwide, a gender gap in ICT also exists: 48% of women versus 58% of men use the Internet.[@bib5] Furthermore, even in countries with access to digital technologies, there may be pockets of underserved and rural communities that have a lack of training, infrastructure, or opportunity to use these services.

Thus, many essential services that depend on digital infrastructure risk grinding to a halt during a pandemic due to lack of robust digital foundations in many countries. Forty-three percent of 125 countries surveyed by the World Health Organization in 2015 reported "established" teleradiology and 26% Picture Archiving and Communication System.[@bib6]

Support of patient care through telemedicine {#sec1.3}
--------------------------------------------

Telehealth provides an effective method of accessing patients from rural and other underserved locales, as long as the infrastructure is available. Overall patient feedback has been favorable, suggesting patient satisfaction and a high level of acceptance, especially given the savings in travel expenses and time.[@bib7] ^,^ [@bib8]

Telemedicine has also proved very useful in several medical specialties where the combination of real-time image and sound can replace physical presence. These include telepathology,[@bib9] teleradiology,[@bib10] teledermatology,[@bib11] telepsychiatry,[@bib12] telepharmacy,[@bib13] and telesurgery.[@bib14] Some examples of success in telemedicine have been seen in the fields of dermatology and psychiatry.[@bib15] Several small studies exhibit the advantages of telemedicine interventions in the management of chronic disease. Studies show that telemedicine in office- and hospital-based settings is most beneficial for specialties requiring greater verbal communication in diagnosis and treatment, such as in psychiatry and neurology.[@bib16]

Of note are recent success stories in advanced therapy contexts. For example, in Singapore, telemedicine throughout the crisis enabled patients to undergo Y90 selective internal radiation therapy, where ICT tools facilitated the coordination of interventional radiologists for arteriography and nuclear medicine physicians and radiopharmacists for both dosimetry and procedural aspects of therapy. This included guaranteeing a continued supply chain, dose verification, and administration of the dose conjointly with the interventional radiologist.[@bib17]

Telemedicine tools also offer considerable opportunities to bring high-quality medical care to scenarios where it is not readily available on site. These include sailing ships, refugee camps, migrant assistance, native communities, prison facilities, remote dwellers, and rural areas in developed and developing countries. In addition, ICTs can enhance global collaborations such as those described in radiation oncology.[@bib18]

Radiation oncology and telemedicine {#sec1.4}
-----------------------------------

During the COVID-19 pandemic, the challenge in radiation oncology was to protect patients, families, and health professionals while continuing activities. Radiation oncology centers in hospitals that were the first to confront the pandemic gained expedited practical experience and began collecting relevant data early. They published their preliminary experience and put together tentative guidelines.[@bib19], [@bib20], [@bib21]

The main areas of change where telemedicine tools support or replace routine practice are communications among center staff, interactions between patients and hospital staff, meetings, working from home, radiation therapy treatment planning, and patient follow-up ([Fig. 1](#fig1){ref-type="fig"} ). Some of the radiation therapy processes that can be supported by telemedicine include patient assessments, decision to treat and prescription,[@bib22], [@bib23], [@bib24], [@bib25], [@bib26] and immobilization and image acquisition.[@bib27] In addition, volume delineation,[@bib28] treatment planning,[@bib29], [@bib30], [@bib31] setup, verification, treatment delivery,[@bib27] and follow-up[@bib32], [@bib33], [@bib34], [@bib35], [@bib36] can be supported. Furthermore, telemedicine applications can also be used for education and training of health care professionals[@bib37] and in support of research and enhancing access to clinical trials.[@bib38] Management of patient care has become significantly easier with the easing of some pre-COVID-19 limiting factors, such as Centers for Medicare & Medicaid Services' expansion of health care benefits for Medicare beneficiaries and greater flexibility in state telemedicine medical licensing regulations.[@bib39] ^,^ [@bib40] Fig. 1Telemedicine interventions in the radiation therapy processes.

International Atomic Energy Agency Initiatives {#sec2}
==============================================

The International Atomic Energy Agency (IAEA) has long supported the initiation or expansion of new radiation therapy centers, providing technical assistance, education, and training as well as conducting clinical and applied research in radiation oncology, nuclear medicine, and radiology and radiation physics worldwide.[@bib41], [@bib42], [@bib43] One of the most significant findings highlighted by this experience is the insufficient and inequitable access to radiation therapy services by large sectors of the population in developing countries, as well as by underserved communities in developed countries.[@bib44] In many states, a few well-developed radiation therapy centers are located in large metropolitan capitals or cities, although a large proportion of the population dwells in distant and rural regions or islands, even in high-income countries.[@bib45] In this scenario, tele-radiation therapy networks appear a feasible and effective solution to connect these centers so that expertise is shared and reaches all corners of the country. Tele-radiation therapy networks are not new and continue to be very useful. In this model, a referral radiation therapy center connects with a variable number of smaller radiation therapy centers or units in the country or region.[@bib46], [@bib47], [@bib48], [@bib49], [@bib50], [@bib51] Telemedicine facilitates decentralized radiation therapy services and helps break professional isolation.

With currently available technologies, a course of radiation therapy cannot be delivered remotely. However, many steps in the radiation therapy process can be implemented, taking advantage of telemedicine solutions. Seeing the potential of telemedicine to address some of these steps, the IAEA has applied it in many areas. Examples are given in the following.

Research and contouring {#sec2.1}
-----------------------

The IAEA is conducting a coordinated research project to assess the impact of blended distance learning on standardizing radiation therapy contouring in low- and middle-income countries (LMICs). The objective of this study is to determine whether any of the benefits noted from the learning interventions that are based on local imaging are sustainable. The purpose of this 3-dimensional conformal radiation therapy coordinated research project is to improve target and organ-at-risk contouring in LMICs using web-based workshops.[@bib52] Another ongoing project in LMICs explores treatment planning in radiation therapy for nasopharyngeal carcinoma.[@bib53]

Tumor boards and education {#sec2.2}
--------------------------

In 2012, the IAEA initiated a pilot project to support medical professionals in African countries.[@bib54] In this Africa Radiation Oncology Network project, an international network was established for a monthly virtual tumor board discussion in which challenging radiation oncology cases were reviewed. During these videoconferences, the group attempts to reach a treatment consensus or recommendation. Videoconferencing discussions contribute to the strengthening of clinical decision-making, benefiting individual oncology patients. Regularly scheduled webinars on cancer care and radiation oncology are also delivered through the platform, and a future e-contouring platform is being prepared for use in this setting as well. These activities enhance resident education in participating centers, both in Africa and in North America.[@bib55] This ongoing initiative showed the feasibility of using telemedicine tools to create a radiation oncology community for case discussions and education. In light of the success of the Africa Radiation Oncology Network, the IAEA is expanding to South America, Asia, Russian-speaking regions, and francophone Africa.

In radiation oncology education, current continuous developments in e-learning and mobile technologies are allowing learning to be more learner-centered, facilitating interactions between learners and significantly transforming the role of the educator.[@bib56], [@bib57], [@bib58] Distance learning was already accessible before the COVID-19 pandemic. The changes introduced by the present circumstances make it probable that all forms of distance and e-learning will be even more relevant in the future.

The IAEA has been active in producing and facilitating distance learning courses and workshops in radiation medicine and produces a wealth of online educational materials.[@bib59] In addition, the IAEA offers distance learning packages, training in remote contouring, and e-learning professional training.[@bib60] ^,^ [@bib61] Development of remote quality assurance and remote quality assurance missions of Quality Assurance Team for Radiation Oncology is underway, as are future plans for training in remote planning through a new interactive platform.

Consensus building and information sharing amid the uncertainty {#sec2.3}
---------------------------------------------------------------

As a consequence of the COVID-19 pandemic, radiation oncology departments accelerated the adoption of telemedicine tools to implement social distancing and minimize the risk of viral spread. The use of these tools will likely continue for the foreseeable future.

During the COVID-19 crisis, the IAEA conducted a series of international webinars in various languages with experts from different regions to share experiences and collate recommendations. The primary objective of these webinars was to share experiences and help radiation therapy departments navigate these unchartered waters worldwide.[@bib62] Telemedicine and other areas were addressed by an international IAEA panel that included representatives of 10 professional societies. The panel provided insight into how the changes implemented to control the spread of the COVID-19 pandemic would affect the new normal of the radiation oncology profession.[@bib63]

Radiation oncology practice should adapt to the new normal by reducing time in hospital and patient contact with health care workers while maintaining quality of care.[@bib64] ^,^ [@bib65] Best practices include the use of information technology solutions that allow multidisciplinary team meetings, staff meetings, and discussions with patients to take place remotely, as well as radiation therapy processes such as remote contouring, quality assurance, and planning.

What are the conditions for telemedicine implementation? {#sec2.4}
--------------------------------------------------------

Health care organizations should develop and implement a strategy for the use of telemedicine technologies and relevant task groups of health care professionals to enhance the continued integration of routine digitally enabled care. The regular assessment of newly introduced digital technologies should be conducted using monitoring and auditing tools, including feedback from all users.[@bib25] The conditions for telemedicine implementation are multifactorial[@bib66] and should be carefully considered to achieve success in a telemedicine program ([Table 1](#tbl1){ref-type="table"} ).Table 1Conditions for telehealth implementation (modified from Gagnon et al[@bib66])DimensionConditionIndividualPerceived ease of use\
Technology integrated within the daily practice\
Health care professionals\' motivationProfessionalSystem based on the needs of health care professionals\
Adequate remuneration for professionals at both sites\
Defining clear rules for professional liability\
Participation of physicians in telehealth decision-makingOrganizationalAvailability of resources dedicated to telehealth (eg, specialized nurses, technicians)\
Specific schedules for telehealth consultations\
Referrals based on existing collaboration networks\
Availability of up-to-date equipmentSociopolitical/systemicInitial investments in technologies and infrastructure\
Regional agreements and local development plans for health care services delivery based on a combination of local expertise, outreach services, and access to specialists with telehealthTechnologicalReliable, mobile, ergonomic, and user-friendly systems\
Image quality to allow diagnosisEthical/legalEnsuring data confidentiality

For patient follow-up, teleconsultations appear to be safe and effective. Mobile applications can be used in the remote monitoring of radiation therapy patients, not as a replacement for in-person visits but more as a triaging and planning tool. Videoconferencing-based tumor boards should replace in-person meetings. Current Web-based videoconferencing platforms are available and allow the sharing of documents. Sharing of radiation therapy treatment plans require a higher level of technology and cost. Remote radiation therapy planning, including the use of cloud-based platforms, will become a more robust and routine tool.[@bib30] ^,^ [@bib67] ^,^ [@bib68]

The immediate future requires that research be conducted to discern the best practices in how best to deploy telemedicine resources in health care in general and for radiation oncology in particular. All new telemedicine solutions that will become routine in future practice will need to be fine-tuned and subject to monitoring and objective evaluation. The safety and ethical/legal implications of their use will need to be better regulated.
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